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Abstract: The objective of this study is to clarify the effects of jujube-cotton intercropping on cotton
yield and photosynthetic characteristics, to provide a theoretical basis for jujube-cotton intercropping
in the oasis irrigation area of southern Xinjiang, and to provide new ideas for local farmers to improve
their economic benefits. In this study, the effects of jujube-cotton intercropping on the
photosynthetic characteristics and yield of cotton were studied from 2020 to 2023 using Zhongmian
619 cotton and juvenile jujube trees as experimental materials. The changes of lower leaf area index
(LAI), transpiration rate (Tr), stomatal conductance (Gs), net photosynthetic rate (Pn), intercellular
CO:z concentration (Ci), yield and economic benefits were evaluated in different years. The results
showed that: (1) There was a positive correlation between leaf area index (LAI) and photosynthetic
characteristics of cotton under different planting patterns; Compared with monoculture cotton, the
net photosynthetic rate (Pn), stomatal conductance (Gs) and transpiration rate (Tr) of jujube-cotton
intercropping were lower than those of monoculture cotton in the intercropping mode. At the peak
boll stage, the photosynthetic characteristics of monoculture cotton were significantly higher than
those of intercropping cotton, indicating that the intercropping pattern of jujube cotton affected the
photosynthesis of cotton to a certain extent. (2) From 2020 to 2023, the land equivalent ratio (LER) of
jujube-cotton intercropping was greater than 1, and the overall yield and economic benefit of jujube-
cotton intercropping system were higher than those of cotton monoculture and jujube monoculture,
especially in 2023, the yield of IC treatment was as high as 55.35%. (3) From 2020 to 2023, there was a
significant positive correlation between cotton yield and leaf area index (LAI). In conclusion,
intercropping cotton can improve the land equivalent ratio and land utilization rate by improving
the photosynthetic characteristics, and increase the economic benefits and total yield of juvenile
jujube orchards.

Keywords: jujube-cotton intercropping; photosynthetic characteristics; yield; economic benefits;
oasis irrigation area
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1. Introduction

Jujube trees and cotton are two major economic crops in the southern region of Xinjiang. As a
characteristic economic crop of the region, jujube trees hold significant importance, and southern
Xinjiang is also the largest cotton planting area in Xinjiang [1].With the improvement of climatic
conditions and advancements in agricultural technology, the planting area of both jujube trees and
cotton has been steadily increasing, making a positive contribution to local agricultural development.
However, with the expansion of jujube tree cultivation, particularly the large-scale planting of young
jujube trees, the issue of land resource wastage has gradually become apparent [3].In the early stages
of growth, young jujube trees, due to their small crowns and underdeveloped root systems, are
unable to fully utilize land resources, leading to idle land and resulting in resource wastage. In
addition, the monoculture cotton farming model also presents certain limitations [5].Although
monoculture cotton farming can provide relatively stable economic returns, it often leads to excessive
depletion of soil nutrients and may even trigger ecological and environmental issues, such as soil
degradation and the spread of pests and diseases [6].Therefore, how to optimize the utilization of
land resources and improve agricultural economic efficiency has become an urgent issue that needs
to be addressed [7].

Compared to the monoculture farming model, intercropping can more effectively utilize land
resources, improve soil quality, and enhance ecological benefits [8].Jujube-cotton intercropping,
through the rational pairing of crops, optimizes their ecological niches. This not only enhances the
utilization of sunlight but also improves the growing environment between the crops, thereby
boosting photosynthetic efficiency and promoting the growth, development, and yield of cotton [8].In
jujube-cotton intercropping, jujube trees and cotton occupy different ecological niches [11]. Through
proper configuration, resource competition is avoided, which enhances the overall land utilization
efficiency [12].Especially in arid regions where light and heat resources are limited, the rational
configuration of jujube trees and cotton can achieve optimal allocation of solar energy and water
resources, mitigate the negative effects of intense sunlight on cotton, and consequently enhance
overall photosynthetic efficiency [13].

Photosynthesis is the fundamental physiological process underlying crop growth and yield
formation; its efficiency directly affects the growth rate of plants and their yield potential [13].In the
jujube-cotton intercropping system, jujube trees, as taller crops, have canopy structures that can
provide partial shading for cotton plants [15]. This helps alleviate the stress caused by intense
sunlight, thereby preventing the decline in photosynthetic efficiency of cotton under high-
temperature and strong light conditions [16].Meanwhile, cotton plants can take advantage of the
varying light conditions across different vertical layers, enhancing the photosynthetic efficiency of
their leaves, boosting growth vigor, and further contributing to yield improvement [17].Proper
management of light, water, and nutrients optimizes the ecological niches of the crops, which is
beneficial for improving the photosynthetic efficiency and growth potential of cotton, thereby
contributing to yield enhancement [18].By improving the ecological niche relationships between
crops, it is possible not only to enhance the utilization of solar energy but also to increase the overall
productivity and economic efficiency of the cropping system [19,20].

Although the jujube-cotton intercropping system shows potential for improving photosynthetic
efficiency and yield, the relationship between photosynthetic characteristics and yield in
intercropped versus monoculture cotton has not been thoroughly investigated in long-term field
experiments in the Alar reclamation area. Therefore, this study aims to explore the relationship
between photosynthetic traits and yield of cotton within the jujube-cotton intercropping system in
the Alar reclamation area of southern Xinjiang. By conducting a comparative analysis of the
photosynthetic performance and yield differences between intercropped and monoculture cotton, the
study seeks to clarify the role of the intercropping model in enhancing solar energy utilization and
economic benefits. The ultimate goal is to provide a theoretical foundation and practical guidance for
the sustainable development of agriculture in southern Xinjiang.
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2. Materials and Methods

2.1. Overview of the Experimental Site

This study was conducted from 2020 to 2023 at the jujube-cotton intercropping experimental
field of the Horticultural Experiment Station, Tarim University, located in Aral City, Xinjiang
(41°34'N, 82°17'E; elevation: 1014 m). The region is characterized by a large diurnal temperature range
and abundant sunlight. The soil type of the experimental field is sandy loam. The annual average
solar radiation is approximately 5200 MJ/m?, with photosynthetically active radiation ranging from
2340 to 2600 MJ/m?, and the average daily sunshine duration accounts for about 66% of the day.

The site is situated in the middle to upper reaches of the Tarim River. The contents of nitrogen
(N), phosphorus (P), potassium (K), and organic matter in the soil are relatively low, at 0.10%, 0.05%,
0.20%, and 1.5%, respectively. In addition, the area is arid, with an average annual evaporation of
1985.6-2567.9 mm and an average annual precipitation of only 40.1-105.2 mm, indicating a climate
with low rainfall and high evaporation rates.

2.2. Experimental Design

This experiment was designed as a single-factor randomized block design, consisting of three
treatments(Figure 1): cotton monoculture (MC), jujube monoculture (M]), and jujube-cotton
intercropping (IC). A total of three treatments were set with three replications, resulting in nine plots.
Each plot had an area of 8 m x 6 m. The experiment selected the Grey Jujube (Ziziphus jujuba Mill.)
for the jujube trees and Zhongmian 619 cotton for the cotton crop.

The reason for selecting Grey Jujube for intercropping was that it has a small canopy, a short
growth cycle, high yield potential, and is suitable for cultivation in southern Xinjiang. Zhongmian
619 was chosen for its short growth period and concentrated boll opening, making it an ideal choice
for this experiment. Other management practices in the experimental field were consistent with those
of conventional field management.

. 9f

Figure 1. Schematic diagram of field distribution of jujube-cotton intercropping.
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2.3. Measured Parameters

2.3.1. Photosynthetic Parameters Measurement

For all four years of the experiment, measurements were taken during the cotton seedling, bud,
full bloom, boll development, and boll opening stages, on clear days. Using a Li-6400 XT portable
photosynthesis system (Li-6400, Li-COR INC., NE, USA), measurements were made between 11:00
AM and 1:00 PM [21]. For each treatment, three representative cotton plants were selected, and the
following parameters were measured: Pn, Gs, Ci, and Tr. For each cotton plant, measurements were
taken three times on the third leaf from the top, and the average value was calculated.

2.3.2. Leaf Area Index (LAI) Measurement

During the cotton seedling, bud, full bloom, boll development, and boll opening stages in 2020—
2023, LAI was measured under clear weather conditions using an LAI-2200C Plant Canopy Analyzer.
This was done to determine the leaf area index (LAI) of intercropped and monoculture cotton [22].

2.3.3. Yield Measurement

During the cotton boll opening stage, the actual harvest yield for each plot was measured. In
each plot, 10 representative cotton plants were selected to measure plant height and stem diameter.
The data was then converted into yield per hectare. For jujube trees, the fruit yield was measured
during the harvest period, and the result was also converted to yield per hectare [23].

2.3.4. Land Equivalent Ratio (LER)

The LER is an indicator used to measure the land use efficiency of jujube-cotton intercropping.
If the LER is greater than 1, it means that jujube-cotton intercropping is more efficient in utilizing
land resources compared to monoculture. The calculation formula is as follows [24]:

Ya , Y
LER = —+ — 1
Ycm + Yjm ( )

Where:Yc=Cotton intercropping yield . Yr=Jujube intercropping yield . Yavw=Cotton
intercropping yield. Ym=Jujube monoculture yield.

2.3.5. Yield Advantage

The yield advantage refers to the yield difference between intercropping and monoculture
systems. Specifically, it measures the difference in output between different cropping systems on the
same land area. A positive yield advantage indicates that the intercropping system has more
effectively increased yield compared to monoculture.The calculation formulas are as follows [25,26]:

Yield Advantage = Total revenues — Costs (2)

Yield Advantage Percentage = Y';ﬂ X 100% (3)
M

Where: YI=Yield of intercropping system, YM= Yield of monoculture system.

2.4. Data Analysis

In this study, significance testing was conducted using SPSS 25 (Statistical Package for the Social
Sciences). Pearson correlation analysis and Duncan’s multiple range test were used to analyze the
correlations and differences between the groups. The significance of the results was determined
based on the p-value (P < 0.05).Additionally, Origin 2021 (OriginLab Corporation’s Data Analysis
and Graphing Software) and GraphPad Prism 10 (GraphPad Software’s Statistical Analysis and
Graphing Software for Biomedical Research) were employed to create relevant graphs, providing a
visual representation of the analysis results.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202506.1406.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 June 2025 d0i:10.20944/preprints202506.1406.v1

5 of 15

3. Results

3.1. The Effect of Jujube-Cotton Intercropping on Cotton Leaf Area Index

The LAI of cotton in different years showed an increasing trend initially, followed by a decrease
as the growth cycle progressed, with the maximum value observed during the boll development
stage (Figure 2). There were significant differences in LAI between MC and IC at different stages in
different years. Specifically:In 2020, during the R2 period, the LAI of MC was 42.9% higher than that
of IC.In 2021 (R4 period) and 2022 (R3 period), significant differences were observed between IC and
MC.However, in 2023, there were no significant differences in LAI among the treatments.This
suggests that intercropping can influence the growth dynamics of cotton, though the effect may vary
across years and growth stages. The potential advantage of intercropping in terms of LAI may be
more evident during certain growth periods but less so in later years.
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Figure 2. Changes in LAI of cotton under monoculture and intercropping. Note: R1, seedling stage; R2, bud
stage; R3, full flowering stage; R4, peak boll stage; R5, flocculation stage; * and ** represent significant differences
in P<0.05 and P<0.01 levels, respectively.

3.2. The Effect of Jujube-Cotton Intercropping on Cotton Net Photosynthetic Rate

As shown in Figure 3, the Pn of cotton leaves during different growth stages from 2020 to 2023
exhibited a unimodal curve, showing an initial increase followed by a decline. Additionally, the Pn
of MC was higher than that of IC.In 2021, the Pn of MC was significantly higher than that of IC by
8.9% and 17.84% during the R4 and R5 periods, respectively.In 2022, the Pn of MC was significantly
higher than IC by 8.69%, 8.36%, and 30.19% during the R1, R4, and R5 periods, respectively.In 2023,
the Pn of MC was significantly higher than IC by 8.66% and 30.85% during the R4 and R5 periods,
respectively.These results suggest that, overall, MC exhibited a higher net photosynthetic rate

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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compared to IC, especially during the later growth stages. However, the difference in photosynthetic
rates between the two treatments varied across years and growth stages.
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Figure 3. Changes in Pn of cotton under monoculture and intercropping.

3.3. The Effect of Jujube-Cotton Intercropping on Cotton Stomatal Conductance

Stomatal conductance refers to the extent to which plant stomata open over a specific period of
time, which directly affects the gas exchange between the plant and its environment. It is one of the
main factors influencing photosynthesis. The Gs of cotton showed an increasing trend followed by a
decrease as the growth cycle progressed, reaching the maximum value during the boll development
stage (Figure 4).For every growth stage, the Gs of MC was higher than that of IC. Significant
differences were observed between monoculture and intercropped cotton in different years:In 2020,
during the R2 and R5 periods, the Gs of MC was significantly higher than that of IC, by 32.11% and
57.14%, respectively.In 2021, significant differences were observed between IC and MC during the
R5 period.In 2022, during the R3 period, there was a significant difference between IC and MC.In
2023, significant differences were observed during the R3 and R4 periods.These results indicate that
monoculture cotton generally had higher stomatal conductance compared to intercropped cotton,
with the difference being more pronounced in certain growth periods and years.
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Figure 4. Changes in GS of cotton under monocropping and intercropping.

3.4. The Effect of Jujube-Cotton Intercropping on Cotton Intercellular CO2 Concentration

As shown in Figure 5, the Ci of cotton leaves during different growth stages from 2020 to 2023
exhibited a “V”-shaped curve, showing a decrease followed by an increase. In every growth stage,
the Ci of MC was lower than that of IC.Significant differences in Ci between monoculture and
intercropped cotton were observed in different years:In 2020, during the R4 and R5 periods, there
was a significant difference in Ci between MC and IC.In 2021, significant differences were observed
during the R4 and R5 periods.In 2022, during the R3 and R5 periods, the difference between IC and
MC was extremely significant.In 2023, during the R4 period, the Ci of MC was 11.1% lower than that
of IC.These findings suggest that intercropping cotton tends to have a higher intercellular CO:
concentration than monoculture cotton, with the difference being more pronounced in certain years
and growth stages.
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Figure 5. Changes in Ci in cotton under intercropping and monocropping.

3.5. The Effect of Jujube-Cotton Intercropping on Cotton Transpiration Rate

As shown in Figure 6, the Tr of cotton throughout the growth period in different years followed
a peak-shaped curve, showing an initial increase followed by a decrease. Although the magnitude of
change varied significantly between years, the Tr of cotton reached its maximum value during the
flowering and boll development stages. In every growth stage, the Tr of MC was higher than that of
IC.Significant differences in Tr between monoculture and intercropped cotton were observed in
different years:In 2020, during the R2 period, there was a significant difference between MC and IC.In
2021, during the R1 and R5 periods, the Tr of MC was higher than that of IC, by 12.28% and 22.10%,
respectively.In 2022 and 2023, during the R1, R2, and R5 periods, significant differences in Tr were
observed between IC and MC.These results indicate that monoculture cotton consistently exhibited
a higher transpiration rate compared to intercropped cotton, especially during certain growth
periods. The differences in Tr between the two cropping systems varied across years and growth

stages.
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Figure 6. Changes in Tr under intercropping and monocropping.

3.6. The Effect of Jujube-Cotton Intercropping on Crop Yield and Land Equivalent Ratio

In the jujube-cotton intercropping system, the jujube yield is also a significant component of the
overall system yield, while the LER is a core indicator of the system’s productivity. The four-year
experimental results indicated that the inclusion of cotton in the intercropping system significantly
reduced both the jujube and cotton yields.However, the LER is an important parameter for assessing
the intercropping advantages of the system. In all years, the LER for the jujube-cotton intercropping
system was greater than 1, indicating that intercropping consistently enhanced land use efficiency.
This suggests that, regardless of the year, the jujube-cotton intercropping system achieved the highest
land use efficiency among the three planting systems (intercropping, monoculture cotton, and
monoculture jujube).The yield of MC was always greater than that of IC in every year. Furthermore,
the total yield in the jujube-cotton intercropping system was higher than that of MC or MJ. The LER
was significantly affected by both the planting system and the interaction between planting system
and year, with a highly significant impact from the planting system itself. The results suggest that
the effect of the planting system on LER was greater than the effect of the year on LER.

3.7. Economic Benefit Comparison of Different Planting Systems in Different Years

This study showed that the net profit from both monoculture cotton and monoculture jujube
was lower than that of the jujube-cotton intercropping system. Except for 2022, the net income from
jujube was higher than the net income from cotton in the intercropping system. The reason for the
lower net income of monoculture jujube in 2022 was due to the fact that it was the jujube orchard’s
off-year, and the purchase price for jujube was as low as 6 RMB/kg. Therefore, the economic benefit
from jujube was low in that year. However, over the four-year period, the net income was generally
ranked as follows: IC > MJ] > MC.Looking at the four years’ returns, the profit margin for the jujube-
cotton intercropping system ranged from 35.72% to 49.34%, with a yield advantage of 13.62%;
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monoculture cotton had a profit margin ranging from 35.23% to 43.39%, with a yield advantage of
8.16%; monoculture jujube had a profit margin ranging from 14.14% to 55.36%, with a yield
advantage of 41.22%. From this, it can be observed that the yield advantage for monoculture cotton
was the smallest, and its economic benefits were the most stable from 2020 to 2023. The yield
advantage of monoculture jujube was the largest (41.22%), indicating that its economic efficiency was
the least stable.Both monoculture cotton and the jujube-cotton intercropping system had yield
advantages of less than 15%, with monoculture cotton’s net profit being lower than that of the
intercropping system over all four years. Therefore, it can be concluded that, overall, the jujube-cotton
intercropping system is more conducive to stable and higher economic benefits.

3.8. Correlation Analysis Between Cotton Yield and Photosynthetic Characteristics

As shown in Figure 7, there was a significant positive correlation between cotton yield and
photosynthetic characteristics (especially leaf area index, net photosynthetic rate, stomatal
conductance, and transpiration rate) in all years, with most correlation coefficients being greater than
0.8. This correlation was particularly strong in monoculture cotton.However, the correlation between
the photosynthetic characteristics and yield in intercropped cotton was generally weaker, suggesting
that photosynthetic efficiency in the intercropping system might be somewhat affected. Specifically,
in 2020 and 2021, the correlation between the photosynthetic characteristics and yield of intercropped
cotton was lower compared to monoculture cotton.Furthermore, over the four consecutive years,
cotton yield showed a significant negative correlation with intercellular CO2 concentration.Overall,
the results reveal a close relationship between photosynthetic characteristics and yield. While the
intercropping system did affect the photosynthetic efficiency of cotton, it still contributed positively
to overall yield increases.
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Figure 7. Correlation analysis diagram. Note: Significant difference at P<0.05 level; This correlation analysis chart
is a statistical analysis based on the data of the boll period of cotton each year, and aims to reveal the relationship

between different variables.
4. Discussion

4.1. Impact on Cotton Yield Efficiency

In the jujube-cotton intercropping system, year-to-year variability significantly influenced
cotton yield, with planting pattern and crop growth characteristics being key contributing factors
[27]. Except for the year 2023, cotton yield within the intercropping system showed a declining trend
over time, while the yield of jujube trees increased steadily(Table 1).Although the total yield peaked
in 2023, the LER did not reach its highest value, indicating intensified competition between cotton
and jujube in that year. This suggests that while the system produced more biomass overall, the
efficiency of land use a core goal of intercropping was not maximized.The unusually high yield in
2023 is closely tied to increased rainfall, highlighting the critical role of climatic factors in crop
productivity [28]. This is particularly relevant in arid and semi-arid regions, where fluctuations in

precipitation can have a substantial impact on crop growth and yield outcomes [29,30].

Table 1. Effect of cropping pattern on yield.

Croppingpatter Cotton Jujube Total
Year ns (kg/hm?) (kg/hm?) (kg/hm?) LER
2020 IC 3451.3+1949b 3235.1+167.8b 6686.4+352.1 b 1.28+0.01 b
MJ 5469.3+244.8 a - - -
MC - 4972.84237.9 a - -
2021 IC 3338.5£155.6b 4110.3+t156.8b 7448.8+309.6a  1.39+0.02 a
MJ 5658.4+402.4 a - - -
MC - 5164.6+145.4 a - -
2022 IC 3301.5+270.2b 3125.1+202.8b 6426.6+463.8 ¢ 1.28+0.04 b
MJ 5268.2+247.8 a - - -
MC - 4751.9+188.3 a - -
2023 IC 3641.2+169.6 b 4132.1+200.3b 7773.3+368.9 a 1.37+0.04 a
MJ 5865.0+454.3 a - - -
MC - 5274.7+360.8 a - -
F'Value C *% *% *% *%
Year * * * *
C*Year b b 3% 3%

Note: C, planting pattern.

From a yield perspective, although the cotton yield in the jujube-cotton intercropping system is

slightly lower than monoculture cotton, the total yield (including both cotton and jujube) in the
intercropping system is significantly higher than in the monoculture systems(Table 1). This suggests
that, despite the slight reduction in cotton yield, well-designed intercropping configurations can
significantly boost overall land productivity.The increase in total yield reflects the efficient land use
facilitated by the jujube-cotton intercropping system. By utilizing both cotton and jujube, the system
maximizes the productive potential of the land, benefiting from the complementary relationship
between the two crops [31,32]. This allows for higher yields per unit area than would be achieved
through monoculture farming.Furthermore, the economic benefits of the jujube-cotton intercropping
system demonstrate a more stable profit margin. Especially when excluding the exceptional climatic
impact of 2022, the intercropping system’s net income is notably superior to that of monoculture
systems(Table 2). This further reinforces the feasibility and superiority of the jujube-cotton
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intercropping model in agricultural production, offering farmers more sustainable and stable
economic returns.

Table 2. Economic benefits of different cropping patterns in different years.

Year Cropping Total Cost net receipt Yield-Advantage
patterns Income (Yuan/ha) (Yuan/ha) Percentage(%)
(Yuan/ha)

2020 IC 46045.50 26844.99 19200.51 41.70

MC 37081.85 21372.04 15709.81 42.37

MJ 34809.60 16152.68 18656.92 53.60
2021 IC 54632.73 29952.31 24680.42 45.18

MC 36864.48 21679.3 15185.18 41.19

MJ 41316.80 24671.21 16645.59 40.29
2022 IC 40259.87 25877.67 14382.2 35.72

MC 34322.32 22230.24 12092.08 35.23

MJ 28511.40 24479.31 4032.09 14.14
2023 IC 67109.47 33999.54 33109.93 49.34

MC 38,210.48 21632.11 16578.37 43.39

MJ 55,384.35 24731.14 30653.21 55.35

Note: The prices of cotton from 2020 to 2023 are 6.51 yuan/kg, 10.8 yuan/kg, 7 yuan/kg, and 8.2 yuan/kg,
respectively; From 2020 to 2023, the prices of jujube trees will be 7.3 yuan/kg, 8 yuan/kg, 6 yuan/kg, and 10.5
yuan/kg, respectively; The cost is calculated according to the market price of materials, seeds, agricultural

machinery, drip irrigation, mulch, etc.

4.2. Relationship Between Photosynthetic Characteristics and Yield

Photosynthesis is a critical physiological process that influences cotton growth and yield
[33].This study suggests that light availability is one of the key factors affecting cotton growth and
yield in the jujube-cotton intercropping system [34]. The large canopy of the jujube trees casts shade
on cotton during the later stages of growth, which can negatively affect cotton’s photosynthetic
capacity [35].According to the results of this study, the photosynthetic characteristics of cotton in the
jujube-cotton intercropping system (such as Pn, Gs and Tr) were lower than those in monoculture
cotton (Figures 3, 4 and 6). Between 2020 and 2023, the Pn in intercropped cotton was 8.3%-9.4%
lower than in monoculture cotton(Figure 3). This difference is primarily attributed to the shade effect
caused by the jujube trees, which limits the amount of light available for cotton, thus restricting the
efficiency of photosynthesis [36]. This finding highlights that, while the intercropping system can
capitalize on the complementary use of land resources, the shade effect from taller crops (like jujube)
still significantly influences the photosynthetic characteristics of the understory crop (cotton). This
underscores the trade-off in intercropping systems, where the potential benefits of spatial resource
allocation might be somewhat offset by light competition [37].

Additionally, the Gs of cotton in the intercropping system were both lower than those in
monoculture cotton(Figure 5). This is closely related to the insufficient light caused by the shading
effect of the jujube trees [38]. Since stomatal conductance play significant roles in photosynthesis, the
Gs directly affect the photosynthetic efficiency of cotton, which, in turn, impacts its yield.Despite
these limitations in photosynthetic characteristics, the overall accumulation of photosynthetic
products in the jujube-cotton intercropping system was still sufficient to support a higher total
yield(Table 1). This indicates that, although cotton in the intercropping system faces light limitations
and reduced photosynthetic efficiency, the resource allocation and ecological niche complementarity
between the crops allow for a higher overall output compared to monoculture systems [40].
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In summary, the jujube-cotton intercropping system offers significant advantages in land use
efficiency and economic benefits. While cotton’s photosynthetic characteristics are affected by
shading from the jujube trees, leading to a slight decrease in cotton yield compared to monoculture
cotton, the optimized planting patterns and resource allocation in the intercropping system increase
total yield and LER, thus enhancing economic returns.Moreover, the changes in photosynthesis,
especially the decline in net photosynthetic rate and the increase in intercellular CO: concentration,
further affect cotton yield. This suggests that the yield changes in cotton are closely tied to
photosynthetic efficiency, highlighting the importance of optimal light and heat resource
management in intercropping systems.Through scientific management and careful crop selection,
jujube-cotton intercropping not only enhances cotton’s photosynthetic efficiency but also improves
the overall sustainability and economic profitability of agricultural systems.

5. Conclusions

This study demonstrates that cotton yield is closely linked to its photosynthetic characteristics,
with improvements in leaf area index (LAI) and photosynthetic rate (Pn) contributing to higher yield.
Both the LAI and Pn of intercropped (IC) and monoculture cotton (MC) were found to be positively
correlated, particularly during the boll-setting stage. However, monoculture cotton exhibited higher
photosynthetic rate, stomatal conductance, and transpiration rate compared to intercropped
cotton.Although cotton’s photosynthetic efficiency slightly declined under the intercropping system,
the jujube-cotton intercropping system still demonstrated higher LER and total yield. Despite the
reduction in cotton yield per plant, the complementary effects between the jujube trees and cotton
led to higher and more stable overall economic returns compared to monoculture systems.In
conclusion, while the jujube-cotton intercropping system reduces cotton’s photosynthetic efficiency,
it significantly enhances land use efficiency and economic profitability, showcasing strong
sustainability and economic advantages.
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